Feather pecking (FP) is a major welfare and economic issue in the egg production industry. 15
Introduction 40
Feather pecking (FP) is a major behavioural problem in the egg production industry and involves 41 laying hens pecking and pulling at feathers of conspecifics. Different types of FP have been defined: 42 gentle feather pecking (GFP) consists of nibbling or gentle pecks at the feathers and causes little or no 43 damage; and severe feather pecking (SFP) consists of forceful pecks and pulls of feathers and can thus 44 cause serious damage to the recipient and can even develop into cannibalistic pecking (Savory, 1995) . 45
Preventing or controlling FP is difficult as it is influenced by many factors, both environmental and 46 genetic (Rodenburg et al., 2013) . 47
Certain behavioural characteristics, such as fearfulness, have been related to FP. Fearfulness can be 48 defined as the tendency of an animal to be easily frightened in response to potentially dangerous 49 stimuli (Boissy, 1995; Jones, 1996) . Selection on egg production traits resulted in a high (HP) and low 50 (Rodenburg et al., 2003) . At 7 weeks of age, the birds were equipped with a light weight backpack 120 with a number for individual identification. 121
At all times, water and feed were provided ad libitum. Birds received a standard rearing diet 1 until 8 122 weeks of age, a standard rearing diet 2 from 8 until 16 weeks of age and a standard laying diet from 123 16 weeks of age onwards. Each pen was provided with wood shavings on the floor, a perch installed 5 124 cm above the floor from 3 to 5 weeks of age and a perch installed 45 cm above the floor from 6 weeks 125 of age onwards. Post hatch, temperature was kept around 33°C and gradually lowered to 24°C at 4 126 weeks of age. From 19 weeks of age onwards, temperature was kept around 21°C. The light regime 127 was 23L:1D post hatch, and was weekly, gradually reduced to 8L:16D at 4 weeks of age. From 15 128 weeks of age, the light regime was weekly extended with 1 h until 13L:11D at 20 weeks of age. At 22 129 weeks of age, the light regime was increased to 16L:8D. Light intensity for each pen was measured 130 with a Voltcraft MS-1300 light meter (Conrad Electric Benelux, Oldenzaal, the Netherlands) and 131 ranged between 34.8-68.2 LUX (average 48.1 LUX) during the first 3 weeks of life. At 3 weeks of 132 age the light intensity was lowered, ranging between 2.74-7.09 LUX (average 4.68 LUX) to reduce 133 the risk of cannibalism. Straw was provided in racks from 3 to 20 weeks of age to enrich the 134 environment and reduce the risk of cannibalism. At 20 weeks of age straw racks were removed. A 135 wooden nest box was placed in front of the pen at 15 weeks of age. Visual barriers of approximately 136 1.5 m high were placed between pens at the start of the experiment to prevent birds in adjacent pens 137 of seeing each other. Birds received vaccinations against Marek's disease (day 0, intramuscular 138 (i.m.)), Infectious Bronchitis (day 0, 14, 56 and 108, via spray), Newcastle Disease (day 7, 28, 70 via 139 spray and day 84 i.m.), Infectious Bursal Disease/Gumboro (day 25, via drinking water), Avian 140
Encephalomyelitis and Pox Diphteria (day 84, via wing web injection) and Infectious Laryngo 141
Tracheitis (day 84, via eye drops). The experiment was approved by the Central Authority for 142
Scientific Procedures on Animals according to Dutch law (no: AVD104002015150). 143
Behavioural Observations and Tests 144
Feather pecking behaviour was observed between 3 and 29 weeks of age. Birds were subjected to four 7 test and tonic immobility test. The novel object test and tonic immobility test were performed twice. 147
A timeline of the feather pecking observations and behavioural tests performed at specific ages is 148 provided in Figure 1 and bouts of stereotyped gentle feather pecking (StFP)) and severe feather pecks (SFP). Feather 161 pecking behaviours were summed over two subsequent weeks, thus including one morning and one 162 afternoon observation with a total observation period of 60 min for week 3-4 and a total observation 163 period of 30 min for all other time points. The summed number of SFP, either given or received, was 164 used to identify FP phenotypes. Classification of phenotypes was adapted from Daigle et al. (2015) . 165
When a bird gave more than one SFP it was defined as a feather pecker (P). When a bird received 166 more than one SFP it was defined as a victim (V). When a bird gave and received more than one SFP 167 it was defined as a feather pecker-victim (P-V). When a bird gave and received zero or one SFP it was 168 defined as a neutral (N). 169
Novel Object Test 170
At 4 days and 10 weeks of age, the response to a novel object (NO) was tested. At 4 days of age, the method). The test started 10 sec. after the experimenter had placed the NO on the floor in the centre of 174 the home pen (n = 24). The latency for three different birds to approach the NO at a distance of < 25 175 cm and the number of birds that were within < 25 cm of the NO was recorded every 10 sec for the 2 176 min test duration. At 10 weeks of age, the NO test was repeated (n = 24). The NO was a plastic stick 177 (length 50 cm, diameter 3.5 cm) wrapped with coloured tape (red, white, green, black, and 178 yellow)(based on Welfare Quality ® , 2009). The same experimenter tested all pens at 4 days and 10 179 weeks of age. 180
Novel Environment Test 181
At 4 weeks of age, the response to a novel environment (NE) was tested for a duration of 1 min (n = 182 387, see de Haas et al., 2014 for a detailed description of the test method). All birds from a pen were 183 taken and transported in a cardboard box to a room near the testing rooms. The average time 184 difference between the first and last bird to be tested was 25 min. Birds were taken out of the 185 cardboard box to one of two test locations, where birds were placed inside a white bucket (height 57 186 cm, length 32 cm, width 22 cm). The bucket was covered with a wire mesh to prevent birds from 187 escaping. The experimenter was out of sight of the bird while testing, but was able to record latency to 188 vocalize, number of vocalizations and number of flight attempts. After testing, birds were returned to 189 a second cardboard box and when all birds from a pen were tested they were returned to their home 190 pen. Together, two experimenters tested all birds where each experimenter tested approximately half 191 of the birds alone. was out of sight of the bird while testing, but was able to record latency to step and number of steps 200 from a monitor and latency to vocalize and number of vocalizations. One experimenter tested all 201 birds. 202
Tonic Immobility Test 203
At 13 weeks of age, birds were individually subjected to a tonic immobility (TI) test for a maximum 204 duration of 5 min (n = 248, see Jones and Faure (1981) for a more detailed description of the test 205 method). The TI test was performed on two consecutive days in the afternoon and birds were 206 randomly assigned to a test day with half of a pen being tested on the first day and the other half on 207 the second day. Half of the birds in a pen were taken and transported in a cardboard box to a room 208 near the testing rooms. The average time difference between the first and last bird to be tested was 15 209 min. Birds were taken out of the cardboard box to one of two test locations, where they were placed in 210 supine position in a metal cradle with their head suspended from the side of the cradle. The right hand 211 of the experimenter was placed on the breast of the bird, while the left hand gently forced the bird's 212 head down lightly while cupping its head. Each bird was restrained in this position for 10 sec. When 213 after releasing, the bird remained in this position, TI duration was recorded until the bird returned to 214 upright position. If this happened within 10 sec after release, TI was induced again, with a maximum 215 of three attempts at inducing TI. Eye contact with the bird was avoided, but the experimenter was 216 visible for the bird during the test. The experimenter recorded the number of induction attempts 217 needed and the duration of TI (latency to self-righting). After testing, birds were returned to a second 218 cardboard box and when all birds from a cardboard box had been tested they were returned to their 219 home pen. Together, three experimenters tested all birds where each experimenter tested 220 approximately a third of the birds alone. 221
At 28 weeks of age, the tonic immobility test was repeated (n = 205). The average time difference 222 between the first and last bird to be tested was 12 min. Together, two experimenters tested all birds 223
where each experimenter tested approximately half of the birds alone.
Statistical Analysis 225
SAS Software version 9.3 was used for statistical analysis (SAS Institute Inc., Cary, USA). Linear 226 mixed models for line effects were tested for each age separately and consisted of fixed effects of line 227 and batch and the random effect of pen within line, except for the NO test, which was tested at pen 228 level. Phenotype effects were tested only in the HFP line as on average less than 10% of birds was 229 categorized as P, P-V or V within the LFP and CON lines (See Table 3 ). Linear mixed models for 230 phenotype effects in the HFP line consisted of fixed effects of FP phenotype and batch and the 231 random effect of pen. Phenotype effects were tested for each behavioural test separately using the 232 most recent FP phenotype categorization (for example, FP phenotypes based on FP observations from 233
week 3 and 4 were used to identify phenotype effects in the NE test values < 0.05 were considered to be significant. P-values between 0.05 and 0.1 were considered to 248 indicate a tendency. All data is presented as (untransformed) mean ± standard error of the mean
Results 251
3.1. Line Effects 252
Feather Pecking Observations 253
An overview of the line effects on feather pecking behaviour at different ages is given in Table 2 . 254
Line effects were found for exploratory feather pecks (EFP) given at 8-9 (F2,20 = 5.36, P < 0.05), 12-255 13 (F2,20 = 3.62, P < 0.05) and line tended to affect EFP given at 15-16 weeks of age (F2,20 = 3.35, P < 256 0.1). LFP birds showed less EFP at 8-9 weeks of age compared to HFP and CON birds (P < 0.05), but 257 HFP and CON birds did not differ in EFP at this age. HFP birds showed more EFP at 12-13 and 258 tended to show more EFP at 15-16 weeks of age compared to CON birds (P < 0.05 and P < 0.1, 259 respectively), but LFP birds did not differ in EFP compared to HFP and CON birds at both ages. 260
Line effects were also found for stereotyped feather pecking bouts (StFP) given at 3-4 (F2,20 = 6.18, P 261 < 0.01), 8-9 (F2,20 = 10.09, P < 0.01) and 12-13 weeks of age (F2,20 = 4.96, P < 0.05). HFP birds tended 262 to show more StFP at 3-4 (P < 0.1) and showed more StFP at 8-9 weeks of age (P < 0.01) compared to 263 LFP birds. Furthermore, HFP birds showed more StFP at 3-4 (P < 0.01) and 8-9 weeks of age (P < 264 0.05) compared to CON birds, but LFP and CON birds did not differ in StFP at these ages. CON birds 265 showed less StFP at 12-13 weeks of age compared to HFP and LFP birds (P < 0.05), but HFP and 266 LFP birds did not differ in StFP at this age. 267
Finally, line effects were found for severe feather pecks (SFP) given at 3-4 (F2,20 = 4.25, P < 0.05), 8-9 268 (F2,20 = 7.38, P < 0.01), 15-16 (F2,20 = 7.31, P < 0.01) and 28-29 weeks of age (F2,19 = 14.09, P < 0.01). 269 HFP birds showed more SFP at 3-4 (P < 0.05), 8-9 (P < 0.05), 15-16 (P < 0.01) and 28-29 weeks of 270 age (P < 0.01) compared to LFP birds. HFP birds showed more SFP at 8-9 and 28-29 weeks of age (P 271 < 0.01) and tended to show more SFP at 15-16 weeks of age compared to CON birds (P < 0.1). LFP 272 and CON birds did not differ in SFP at all ages.
Birds were categorized as feather pecker (P), feather pecker -victim (P-V), victim (V) or neutral (N). 275
The number (and percentage) of hens within each category at different ages is given in Table 3 . On 276 average the largest percentage of hens was categorized as N across all ages in all three lines (HFP 277 51.7%; CON 80.8%; LFP 85.2%). The smallest percentage of hens was categorized as P-V in all three 278 lines (HFP 10.5%; CON 2.7%; LFP 2.1%). The remainder of hens was categorized as P (HFP 14.9%; 279 CON 8.1%; LFP 7.7%) and V (HFP 23.0%; CON 8.4%; LFP 5.1%). 280
Behavioural Tests 281

Novel Object Test 282
Line effects were found for the average percentage of birds that approached the novel object (NO) and 283 the latency for three birds to approach the NO at 4 days (F2,20 = 17.73, P < 0.01 and Χ 2 = 15.55, P < 284 0.01, respectively) and 10 weeks of age (F2,20 = 7.03, P < 0.01 and X 2 = 11.39, P < 0.01, respectively). 285
More HFP birds approached the NO and they approached it faster at 4 days of age compared to LFP 286 and CON birds (P < 0.01). At 10 weeks of age, more HFP birds approached the NO and they 287 approached it faster compared to LFP birds (P < 0.01) and more HFP birds tended to approach the NO 288 and they tended to approach it faster compared to CON birds (P < 0.1) (Figure 2A & B ). LFP and 289 CON birds did not differ in their response to the NO at both ages. 290
Novel Environment Test 291
Line effects were found for latency to vocalize (F2,20 = 13.21, P < 0.01), vocalization frequency (F2,20 292 = 24.69, P < 0.01) and number of flight attempts (F2,20 = 11.48, P < 0.01) in the novel environment 293 (NE) test at 4 weeks of age. HFP birds vocalized sooner and more compared to LFP and CON birds 294 (P < 0.01) ( Figure 3A & B) . HFP birds showed more flight attempts compared to LFP (P < 0.01) and 295 CON birds (P < 0.05) ( Figure 3C ). LFP and CON birds did not differ in their latency to vocalize, 296 vocalization frequency or number of flight attempts. Figure 4A ). LFP birds did not differ in latency to first step compared to HFP and CON birds. CON 302 birds did not differ in latency to vocalize compared to HFP and LFP birds. Line tended to affect step 303 frequency (F2,20 = 3.30, P < 0.1) and vocalization frequency (F2,20 = 3.34, P < 0.1). HFP birds tended 304 to show more steps compared to CON birds (P < 0.1), while LFP birds did not differ in step frequency 305 compared to HFP and CON birds. CON birds vocalized more compared to LFP birds (P < 0.05), 306
while HFP birds did not differ in vocalization frequency compared to LFP and CON birds ( Figure  307 4B). 308
Tonic Immobility Test 309
Line affected tonic immobility (TI) duration at 13 (F2,20 = 12.89, P < 0.01) and 28 weeks of age (F2,19 310 = 6.35, P < 0.01). HFP birds had a shorter TI duration compared to LFP and CON birds at 13 weeks 311 of age (P < 0.01), while LFP and CON birds did not differ. LFP birds had a longer TI duration than 312 HFP birds (P < 0.01) and tended to have a longer TI duration than CON birds (P < 0.1) at 28 weeks of 313 age, while HFP and CON birds did not differ ( Figure 5) . 314
Phenotype Effects in the HFP Line 315
Phenotype affected the number of flight attempts (F3,119 = 3.18, P < 0.05) during the NE test. Victims 316 (V) showed more flight attempts compared to neutrals (N) (P < 0.05) and tended to show fewer flight 317 attempts compared to feather peckers (P) (P < 0.1). Feather pecker-victims (P-V) did not differ from 318 P, V or N ( Figure 6A ). Phenotype tended to affect step frequency (F3,75 = 2.64, P < 0.1) during the OF 319 test. P tended to walk more compared to N (P < 0.1), while all other phenotype combinations did not
Discussion 322
The aim of this study was to investigate fearfulness in relation to feather pecking (FP) genotype 323 show more flight attempts compared to victims and tended to walk more compared to neutrals), which 331 could suggest lower fearfulness, compared to victims at a young age and compared to neutrals at an 332 adolescent age. Neutrals showed more passive responses (i.e. less flight attempts), which could 333 suggest higher fearfulness, compared to victims at a young age. Our findings indicate that selection for FP results in altered FP behaviour compared to no selection or 337 selection against FP. LFP birds showed less exploratory feather pecking (EFP) compared to CON and 338 HFP birds at a young age, whereas HFP birds showed more EFP compared to CON birds at 339 adolescent ages. Furthermore, HFP birds showed more stereotyped feather pecking bouts (StFP) 340 compared to CON and LFP birds at young ages, whereas CON birds showed less StFP compared to 341 HFP and LFP birds at an adolescent age. We found no differences between the lines in EFP or StFP at 342 adult ages. At both young and adult ages, HFP birds showed more severe feather pecking (SFP) 343 compared to LFP and CON birds. 344
The HFP and LFP lines were divergently selected on a combination of severe and gentle feather 345 pecking. However, selection did not favour gentle feather pecking, because gentle pecks in series selection pressure on SFP than on gentle feather pecking (identified as EFP and StFP in the present 348 study) (Kjaer et al., 2001 ) and this might explain why we see more consistent differences in SFP and 349 less consistent or no differences in EFP and StFP. Furthermore, gentle and severe feather pecking are 350 regarded as behaviours with a different motivational background (Kjaer and Vestergaard, 1999) . and Gallup, 1983). HFP birds seem to be less fearful (i.e. walked sooner and tended to walk more) compared to CON birds in the open field (OF) test, while LFP birds seem to be more fearful (i.e. 375 vocalized less) compared to CON and more fearful (i.e. vocalized later) compared to HFP birds. In the 376 tonic immobility (TI) test at adolescent age, HFP birds were less fearful (i.e. shorter TI duration) 377 compared to CON and LFP birds as long TI durations have been related to high fearfulness (Forkman 378 et al., 2007; Jones, 1996) . Further, LFP birds were more fearful (i.e. longer TI duration) compared to 379 HFP birds and seem to be more fearful (i.e. tended to have longer TI duration) compared to CON 380 birds at adult age. In general, HFP birds appeared less fearful compared to CON and LFP birds in all 381 behavioural tests, especially at young ages. For the first time, we show that CON and LFP birds did 382 not differ in fearfulness at young ages, but LFP birds seem to be more fearful compared to CON birds 383 at adult ages. Overall, selection for FP can alter behavioural characteristics other than FP (i.e. 384 fearfulness) at young and adult ages. Selection against FP seems to alter fearfulness at an adult age. Guémené (2009) showed that HFP birds had higher corticosterone levels after manual restraint 412 compared to LFP birds, while CON birds had intermediate corticosterone levels, suggesting that HFP 413 birds are more reactive and LFP birds are more proactive. However, preliminary results showed no 414 difference in corticosterone levels between the HFP and LFP lines after manual restraint (van der Eijk 415 et al., 2017). Furthermore, HFP birds had a higher heart rate and lower heart rate variability compared 416 to LFP birds (Kjaer and Jørgensen, 2011 ), suggesting that HFP birds are more proactive and LFP 417 birds are more reactive. Thus, there is inconsistency between behavioural and physiological findings 418 with regard to coping style in the FP selection lines and further research is needed to indicate whether 419 HFP and LFP birds can be classified into different coping styles. Studies should include behavioural, 420 physiological and neuroendocrine characteristics as coping styles differ in these aspects (Koolhaas et 421 al., 1999) . 422
The present and previous studies show that HFP birds had more active responses to several 423 attempts compared to neutrals in the NE test. In the OF test, feather peckers tended to walk more 450 compared to neutrals. These findings suggest that feather peckers were less fearful (i.e. tended to 451
show more flight attempts) compared to victims at young age and less fearful (i.e. tended to walk 452 more) compared to neutrals at adolescent age. Neutrals seem to be more fearful (i.e. less flight 453 attempts) compared to victims at young age and compared to feather peckers (i.e. tended to walk less) and neutrals more fearful compared to feather peckers and victims. The higher fearfulness in victims 456 might be a consequence of being feather pecked as also indicated by earlier studies (Hughes and 457 Duncan, 1972; Rodenburg et al., 2010) . It should be noted, that we found no phenotype effects in the 458 TI test, which is considered a validated test for fearfulness (Forkman et al., 2007 ). Yet, we did find 459 phenotype effects in the NE and OF test, where behavioural responses could also be related to coping 460 style, activity, etc. (Forkman et al., 2007; Jones, 1996; Koolhaas et al., 1999) . A similar line of 461 reasoning, as for the differences seen between the FP selection lines, might be true for the differences 462 seen between feather peckers and other FP phenotypes. Feather peckers might be more active in 463 general and have a more proactive coping style compared to other FP phenotypes. In order to classify 464 FP phenotypes into a certain coping style physiological responses should be considered as well. First 465 indications have been found that phenotypes can differ with regard to their physiology. Brunberg et al. 466
(2011) identified differences in brain gene expression when comparing feather peckers to victims and 467 control birds. Furthermore, phenotypes were shown to differ in serotonergic neurotransmission 468 parameters in several brain areas, although no or small differences were found in dopaminergic 469 neurotransmission parameters (Kops et al., 2013) . However, Daigle et al. (2015) found no differences 470 in corticosterone or whole blood serotonin levels after manual restraint between phenotypes. First 471 indications have been found that phenotypes can differ in activity. Feather peckers walked a longer 472 distance than victims in a NE test (de Haas et al., 2017b), suggesting that feather peckers are more 473 active. Furthermore, Newberry et al. (2007) found that birds that performed more foraging behaviour 474 when young were more likely to become feather peckers as adults, indicating that feather peckers 475 might be more active. To shed more light on whether FP phenotypes differ in activity levels and 476 whether they can be classified into different coping styles, further research is needed. 477
A limitation in our study is that we observed FP behaviour for a limited amount of time which might 478 have led to FP behaviour not being observed. However, continuous observation is impractical. Daigle 479 et al. (2015) showed that around half of the birds were classified with the same phenotype at three out 480 of five ages, suggesting that birds are able to switch phenotypes and are not consistent over time.
peckers and neutrals) were sacrificed during the experiment for other purposes. However, the strength 483 of this study was that we identified phenotype effects using the most recent FP phenotype 484 categorization that was based on FP observations closest to a particular behavioural test. We 485 emphasize the importance of identifying FP phenotypes as they seem to differ in their responses to 486 several behavioural tests. 487
Conclusion 488
Feather pecking genotypes and feather pecking phenotypes within the same genetic line differ in their 489 responses to several behavioural tests at both young and adult ages. The high FP line and feather 490 peckers within the high FP line showed more active responses, suggesting lower fearfulness. 491
Selection for FP has been effective in increasing FP behaviour and altering other behavioural 492 characteristics (i.e. activity, fearfulness), whereas selection against FP has been less effective in 493 reducing FP and altering other behavioural characteristics. 494
High FP seems to be related to low fearfulness, which is opposite to what has been found in other 495 experimental and commercial lines. This stresses the need for further research into the genetic and 496 phenotypic correlations between FP and fearfulness in various populations of chickens. 497
Activity and/or coping style might overrule fearfulness within the high FP line, suggesting a complex 498 interplay between fearfulness, activity and coping style that might play a role in the development of 499 Bird grips and pulls or tears vigorously at a feather of another bird with her beak, causing the feather to lift up, break or be pulled out. The recipient reacts to the peck by vocalizing, moving away or turning towards the pecking bird. Each peck is recorded. bird; age 8-9, 12-13, 15-16 and 28-28 weeks: 30 min total observation time per bird). Differing pecker-victim (P-V), victim (V) and neutral (N)) within the high (HFP), control (CON) and low 654 feather pecking (LFP) lines based on the number of severe feather pecks (SFP) given or received at 655 different ages. 
